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Abstract
The stress-strain behavior of parachute cloth, MIL - C - 7020 9 I,
was measured for different rates of load increase (1 - 450 lbs/sec),
at creep conditions (70 - 95 f of nominal breaking load), and at
fatigue tests under a sinusoidal load (0.1 - 60 cps, different
amplitudes and upper load limits). The machine used and test
procedure is described and explained in detail. Test results are
given in list and graphical form to show the decrease in strength
under dynamic loading conditions.
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1. SYMBOLS
O Bo
Q max
Omin
EB
E max
E min
t
t 
lbs/120 threads
lbs/120 threads
lbs/120 threads
sec
sec
nominal breaking strength
maximum stress at cycling loads
minimum stress at cycling loads
breaking elongation
maximum elongation at cycling loads
minimum elongation at cycling loads
time
breaking time
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2. INTRODUCTION
Maximum stress, stress distribution and stress history of an
inflating parachute canopy is still unknown. Theoretical and
analytical attempts to calculate the stresses in a canopy have
failed because of the problem and the complete lack of experimen-
tal data.
The detection of static or dynamic stresses by the measurement
of strain, which is made so easy by the use of strain gages for
metals and other elastic materials, has not yet been applicable
for nylon cloth. Parachute cloth is elongated about 30 % of its
original length before it breaks. None of the existing strain
gages has this quality. Sven if the elongation would be less
a strain gage applied to tae cloth would change the strain at
the point of measurement and yield false results.
Another reason why strain measurements are not very meaningfull
is the viscoelastic behavior of nylon material. The stress-strain
curve does not follow a simple linear law like Hookes law. It is
not linear and dependant upon time. Nylon elongates under a
constant load, it creeps, and it does not reach its original
length again, when the load is taken away. Even it the measure-
ment of strain would be possible the evaluation of the actual
t
stresses from these da
loading history of the
such a method does not
loading histories with
highly—dynamic process
expected.
to would be very difficult. The whole
nylon would have to be registered. But
promise to be very successful) when
random frequencies and amplitudes in a
like a parachute inflation have .to be
Another experimental way for the detection of stress in an in-
flating parachute canopy has been tried by the author [1,2,3]
by :measuring the pressure distribution and its history during
the inflation. Using these experimental data in the stress-
analysis method of Heinrich and Jamison [4] resulted in stress 	 ,r;:
values in the order of only 10 f of the nominal breaking stress,
even for cases where the canopy was overloaded and broke.
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The reason for this discrepancy in actual and calculated values
is probably mainly due to the assumption made in the stress ana-
lysis method that the nylon material is elastic and its stress
strain behavior follows Hookes law.
Again the need for the investigation of the unknown stress-strain
behavior of nylon parachute cloth appeared. This report contains
the results of a program that should answer mainly the 3 questions:
1. How is the stress-strain behavior of nylon parachute cloth
under dynamic loading conditions?
2. Is the breaking strength under dynamic loading conditions less
than the nominal breaking strength?
3. Can strain gages or any other method for the measuring of
strain be applied to determine the stress in a parachute
canopy?
3. THE TESTING MACHINE
To cover the whole range of parachute application a testing of
the cloth up to 60 cps frequency for fatigue tests was wanted.
It should be possible to apply high rates of load increase from
zero loading to breake up to 450 lbs/sec, which responds to a
breaking time of 110 of a second. Because of the high elongation
of nylon a stroke of ± 1 inch should be performed at 5 cps, at
60 cps still + 0.1 inch.
Sine wave, square wave, and ramp functions should be produced
and load or stroke be controllable.
These specifications were met by the MTS closed-loop,electro-
hydraulic, expanded range materials testing system. It consists
of 3 units (Fig. 1): the hydraulic power supply, the control
console, and the load frame with the electro- hydraulic actuator.
The hydraulic power supply produced 3 gallons per minute at
3000 psi by a water cooled piston pump driven by a 6.25 hp
electric motor.
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The 3 column frame was rated at ± 50 000 lbs dynamic and
± 100 000 lbs static tension and compression. A load cell
(Lebow fatigue load cell), range ± 2000 lbs, was mounted at
the mounting screw of the upper crosshead. Later the uppe,.p'
grip was attached to the bottom screw of the load cell.
The lower grip was attached to the piston rod of the electro-
hydraulic actuator, called Servoram. It is designed for a
long stroke of 4 inches, a high speed up to 1150 in/min at
2000 lbs load and a 5 gpm servo valve, and high frequency
fatigue testing, performing more than the required 60 ceps.
The servoram model 204.11 is rated at + 2500 lbs dynamic
tension and compression. It has a built in LVDT type, stroke
displacement transducer.
A line tamer rated at 20 gpm was added between pump and actua-
tor to provide hydraulic filtration and suppression of line
Pressure fluctuations in the high, response actuator supply
and return hoses as well as any instantaneous surge require..
ments demanded by the sevo valve.
The control console contains a function generator, a counter
panel, a transducer donditioner module, .a recorder, an
oscilloscope, control panel, recorder input selector and
the closed-loop control unit, named Servac.
The Servac is an integrated, solid state, electronic servo-
controller. It is the main component of the MTS system. It
controls the electro-hydraulic servo valve which regulates
the flow of the hydraulic fluid to and from the hydraulio
actuator. The controller compares the program value of the
controlled parameter (load, stroke or strain) with the actual
value which is read by a transducer and sends a correction
signal to the servo valve which in turn controls the actuator
to establish the desired value.
The function generator could provide sine, square, triangle
and sawtooth waveforms from 0.001 to 1100 cps. It also gene-
rated ramp functions with rise times between 0.005 and 500
seconds.
6
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The built in recorder was E a Brush model, mark 280, a 2-pent
high speed, strip chart recorder. It provided a permanent
ink record, 80 mm maximum response with an accuracy of
0.5 % up to 35 cps. Higher frequencies could be recorded
with the same accuracy at lower amplitudes.
The built in oscilloscope was a Hewlett- Packard
 
mode. 130 C.
4. TEST PREPARATIONS
Gripping of the specimen
The testing machine was delivered without grips but with
adapters for Instron webbing capstan grips, model G-61-11F.
These grips were purchased from Instron but proved to be to
heavy for the dynamic testing system, when we used the low
load range 0 - 200 lbs. The weight of the grip (20 lbs) on
the actuator piston did not permit good sine or other wave
forms and caused vibrations in the whole test frame. These
vibrations were transmitted to the upper grip on the load
cell which caused a load reading. It was found that the
weight of the grips should be not more than 1 lb to eliminate
the mass effects. The grips shown in Figures 1, 4, and 5 were
fabricated in the University machine shop and weighed less
than 1 lb.
The width of the specimen was chosen with 1.0 inch. Since this
definition was not exact, a number of 120 threads was chosen,
which comes very close to 1 inch for the used Ripstop material.
For the gripping the ends of the test specimen was glued between
two aluminium plates on each end (Fig. 2). Shell Epon Resin 820
with curing agent V 40 was used in a 60 to 40 mixture.
The bonding was generally satisfactory only at frequencies of
10 or more cps and large numbers of cycles it was observed that
the threads became loose and moved in the glue, probably only
for a very short distance. But no increase of clamp breaking
could be observed due to a frictional abrasion.
I
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The large number of clamp breaks which ocoured sometimes during
the first test series turned out to be due to not perfect align-
ment. When in the final test series the alignment was done with
great care and perfection almost no clamp break occured any more.
The preparation of the specimen was done in the following way:
1. 24 strips of cloth, 8 inches long in the warp direction
1.4 inches wide were cutted out of one piece of cloth from
the left side to the right side of the 36 inches wide roll
of cloth. 1.5 inches on each edge was thrown away.
2. 4 jigs, each for 6 specimens, were used for the alignment and
bonding to the metal plates (see Figure 3). First one layer
of metal plates were fixed to the lower part of the jig
(left in Fig. 3) and aligned with it. The same was done with
the upper part of the jig (right) and then all plates were
covered with glue. Second the specimenswere clamped in the
clamps of the middle part
	 the jig and also aligned properly.
Finally all 3 parts of the jig were put together and loaded
with a 10 lbs weight. It needed about 14 hours for proper
bonding.
3. The specimens were taken out of the jigs and the loose threads
plus some more on both edges pulled out until 120 were left.
The jig permitted a free length of tho specimen of 4 inches.
The amount of glue used was just that vtuf^h Vgat no surplus glue
could be sqeezed out, but enough so that no threads could be
pulled out from between the metal plates.
Great accuracy was necessary with the alignment of the specimens
in the grips. First the threads were checked to be vertical and
the horizontal threads were aligned with the edge of the upper
grip with the help of a magnifying glass. Then the same procedure
was done at the lower grip.
Figures 4 and 5 show one specimen before and after the-test,
r
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5. THE TEST PROGRAM
The specimens were tested in the wharp direction. The testing
length was 4 inches, the width was 1 inch, or more exact 120
threads.
In so called "ramp" tests the rate of load was varied. The
increase was always linear and the time from zero to breaking
varied between 0.1 and 330 seconds,
The nominal breaking; strength was defined from these tests as
the average from a large number of tests made at breaking times
of approximately 50 seconds, which is a rate of load of 1 1bs/sec.
Creep tests were made at constant loads of 959 90 9 85 9 80 1 75 and
70 % of the nominal breaking load. The load increased to these
values in 0.1 seconds and was the: kept constant by the control
till fracture occu.red.
Fatigue tests were made with sinusoidal load functions. The upper
load limit was varied betweer. 95 9 90, 85, and 80 % of the nominal
load, the lower Limit between 0, 50, 75, and 85. The combination
can be seen from table 3. The frequency was mostly 10 cps, for
the 0	 85 % combination it was ohanged to 20, 40, 60 9 5, 1, and
0.1 cps.
Creep recovery tests were made with low frequency square wave
functions to measure recovery capability and constant elongation.
The chosen frequency was 0.05 cps (0.005 cps was tried once), the
upper load limit was varied between 90, 85 9 80, and 75 gib, the
lower limit was; always zero.
6. TEST RESULTS
The results are shown in tables 1 through 4 and figures 6 through
18.
a. Definition of nominal breaking strength
Values for the breaking strength of parachute cloth, as given
for instance in the parachute handbook are gained by conven-
tional testing machines which need a time between 30 seconds
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and 1 minute to make a stroke of 1 inch wh_loh is necessary
to break a 4 inches long specimen.
It was therefore decided to call the strength value gained
at a breaking time of 45 seconds with linear load increase
"nominal breaking strength".
This value will always be an average from a large number of
tests, since there is a scattering due to inhomogeneity in
the material and to inaccuracy in preparing the test specimen
and adjusting it in the grips of the testing machine.
The avrage from 11 tests with breaking times between 40 and
50 seconds was:
46.5 lbs = nominal breaking strength for MIL-C-7020, Type I
Tests where the _fracture occured at the clamp were eliminated
for the determination of the average, but their results are
shown also behind the eleven good tests in table 1.
b. Influence of rate of load on breaking strength
In practice the load increase occurs much faster than under
the nominal condition. In the "ramp" test series the rate of
load was therefore increased by setting very short breaking
times down to 0.1 seconds.
The results are shown in table 1 and fig. 6. In figures 7 and 8
several original recordings from tests with breaking times of
50, 5, 1, 0.5, and 0.1 seconds are reproduced. Four tests with
extremely long breaking times of 350 seconds were made which
resulted in a 10 % lower breaking strength. But at such a long
time we have already a remarkable influence of creep which is
responsible for the lower strength.
Down to shorter breaking times the breaking strength is slightly
increasing. The increase amounts to about 10 % at breaking times
of 1 or less seconds where it did not increase any more. It can
be concluded that for breaking times longer than 1 second an
influence from creep appears, This will be discussed in more;
detail under the creep test results.
r
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Figure 6 shows all the results of the ramp tests from two test
series.
The accuracy in the preparation of the specimens was not quite
satisfactory for the first test series (specimen numbers below
200) what resulted in clump breaks for 60 f (31 out of 51) of
the tested specimens.
In the advanced test series (specimen numbers 200 and higher)
the preparation of the specimen was done with more accuracy
and no clamp break due to this fact seemed to occur any more.
The 20 % (8 out of 39) clamp breaks occured all at the high
loading rates with breaking times shorter than 0.5 seconds
and probably have another reason like a dynamic effect. The
fracture, however, did not take place ;always at the lower
grip, which is moving, but also at the upper grip, which is
at rest, so that an explanation can not be given.
The location of break is given in table 1, 5th column, in %
of the specimen length from the bottom grip. hence 0 % indicates
a break at the lower clamp and 100 % a break at the upper clamp.
As figure 6 shows all the clamp breaks lie well within the
scattering of the good tests. This scattering of breaking
strength must be due to inhomogeneity in the material. The
unequality probably gets in during the stretching process after
the spinning of the filaments which is done to coordinate the
molecules to give the material some elasticity. This stretching
which is done to approximately 4 times of the original length
does probably not occur in an even distribution over the length
of the filament and results finally in a scattering of the break
elongation. It can be seen very clearly from table 1 that low
breaking strength goes together with low break elongation and
vice versa.
Question 2, whether the breaking strength becomes less at higher
loading rates, could be answered by the ramp tests: It is not
the case, but the breaking strength can increase up to 10 %.
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c. The Influence of Creep
It is possible to break the nylon cloth under lower loads than
the nominal breaking load if the lower load is allowed to act
for a sufficient amount of time.
This time is the shorter the closer the applied load is to the
nominal load, for loads less than 70 % of the nominal value
(46.5 lbs for the 1.1 oz MIL-C-7020 cloth) the breaking time
came to the order of days and was probably close to a limit
where the load was not high enough to cause enough creep for
the breaking.
Tests were made with 95, 90, 85, 80, 75, and 70 f of the nominal
breaking load. The results are shown in table 2 and figures 9
through 13. Figure 14 shows 4 copies of original creep test
recordings. Four to eight tests were made under each condition,
with exception of the 75 and 70 % where because of the long
testing times only 2 and 3 tests were made.
The figures 9 through 12 are the elongation over time recordings.
All parallel tests under equal loading conditions are put together
in one diagram. All of them show a large scattering in breaking
time and in breaking elongation. The times scatter by one power
of ten and the elongations between 16.6 and 23.0 %, where normally
the low breaking elongations go together with the short breaking
times.
This again can be explained with inhomogeneity in the material
and to some degree with the always remaining inaccuracy in the
alignment of the specimen.
tI  could be observed that in some cases the first thread or
single filaments of it broke very early. This very often caused
the adjacent threads to break earlier too. In such cases the
rate of elongation was higher and fracture occured at a shorter
time.
In other cases where no early thread break occured and the rate
of elongation was normal the specimen broke at a lower-breaking
elongation (compare for instance figure 12, specimen numbers
2530 2549 2 55) which resulted also in short breaking times.
These cases did not have the high increase in rate of elongation
I
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some seconds before break compare for instance figure 11,
specimen number 246) but broke abruptly. It can be assumed
for instance that the threads of this specimen had suffered
another amount of prestretching during their fabrication.
From these considerations it can be infered that the specimen
with the highest homogeneity in the material and the highest
accuracy in preparation have the longest breaking times.
Consequently the test with the longest breaking time was taken
from each group and all together were plotted in figure 13.
Here the curves arrange themselves in a significant manner.
The breaking elongation seems to decrease with the applied
load and increasing breaking times.
It is assumed that after Long loading times with a high constant
load, as well as with high cycling loads some changes in the
physical structure of the material take place which cause kind
of a hardening effect. This effect decreases the rate of elonga-
tion and by this extends the breaking time. But this is only an
assumption and can not be proved by the results.
The result of the creep tests is the statement that the cloth
can break already at 70 % of the nominal load if the load acts
constantly for about 10 minutes.
d. Fatigue test results
The influence of cycling loadings was investigated by applying
sine wave loadings. For one test series the frequency was kept
constant with 10 cps and the upper load, 0 max, and lower load,
CT 
min' varied.
The set-up is described in table 3, column 1. 0 max was set 80,
90, and 95 J of 'Bo' 0min was set once close but some lbs
higher than zero, and than at 50 %. For the 0max - 85
setting amin was also set at 75 and 85 f. The last setting
with 85	 85 % was identical with a 85 % creep test.
In a see=d test series the setting 0max = 85 f and 0min clos.e_..
to zero was kept constant but the frequency changed between 0.1,
19 5 9 10 9 20, 40, and 60 cps.
13
Again a large scattering in the numer of cycles to break can
be seen which will be caused by the influences of inhomogeneity
and inaccuracy which were already mentioned with the creep and
ramp test results. But if we take the highest numer of cycled
reached for each condition, the results are arranged again in
an orderly manner. For the 0 to 80, 85, 90, 95 % series the
cycles to break are approximately 34 000, 16 000 9 3 000, 700.
When we raised 
amin to 50 % the lifetime of the specimen got
higher to 39 000 9
 18 000, 5 000, 1 300 cycles and still. higher
(55 000 for 'max '2 	 %) when we raised Amin to 75 f.
It is hard to find an explanation for this result. One would
have expected that the lifetime decreases the higher dmin gets
and the less recovery is granted.
When we increased 6min to a zero amplitude of the wave, thus
having a 85 - 85 % setting, which responds to a 85 % creep test
the lifetime did not increase further but was remarkably shorter
with only 500 seconds (corresponding to 5000 cycles). This value
corresponds very well with the results from the creep setting.
When the frequency was raised from 10 to 20, 40 9 60 cps (see table 4)
the number of cycles increased from 16 000 to 24 000 9 97 0009
225 000 cycles, and also the breaking; times from 1 600 to 1 200
(no increase), 2 400 9 5 600 seconds.
Down to 5 and 1 cps the breaking times were much shorter with
100 and 400 seconds but at 0.1 cS K:. with 2 500 seconds again very
high so that no clear impression can be gained.
These results are demonstrated graphically in figure 15.
The breaking elongation scattered again in the known way with
lower values for shorter times.
A ratio ^ = CF 
min a max was defined and one plotting made to
look for the influence of ^ (figure 16A). It is very hard to
read an influence, the curves lie close together.
The plotting was made with dmax over the logarithm of the
breaking''time and indicates by the straigth line that a loga
rithmic dependancy exists.
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While in this figure only the tests with the highest time were
plotted another diagram was made (figure 16B) using all test
results from settings which had a g of about 0.18. The line
drawn through the points almost coincides with the one for
A = 0.18 on the figure before and shows that the spreading of
time down to lower values can be larger. An explanation for
the spreading was already given in the chapters before.
Figure 17 shows copies of 3 original recordings with one
15 - 85 %, one 15 - 95 f, and one 75 - 85 % setting. In the
first recording the paper speed was increased twice by the
factor of 100 to show the load and strain wave forms.
e. Creep-recovery test results
How does parachute cloth recover after being exposed to a
certain loading and how is the stress-strain behavior at a
new exposure after a certain time of rest? To answer these
questions a square wave setting was used and a frequency of
0.05 cps chosen. This gave 10 seconds of constant loading and
10 seconds of rest at zero loading. Again loadings of 90, 85,
80 and 70 % of 'Bo were investigated. Cycles to break were
49 44, 75 and 425 with corresponding breaking times of 53,
660, 1485 and 8440 seconds (see table 5).
Compered with the creep tests the breaking times here are
higher, but they do not reach twice the value of the creep
tests or even more what should be expected when a recovery
is granted from time to time.
One -test was made with a frequency of 0.005 cps, what is a
100 seconds loading + 100 seconds rest cycle. Here the total
time was much longer, but no conclusions can be formed from
only one test.
The recordings show also that the recovery time has only very
little influence. Figure 18 is the recording from the
200 secod-ffs/cycle (0.005 cps) test. amax was 37.4 lbs (80
Q min '20• Roughly seen if the recovery was 1 scale the eon-
15
gati.on at the next loading starts only 1/10 of a scale lower
than it ended the time before. The rate of elongation was a
little lower than at a corresponding; creep test and the breaking
elongation was 0.6 % higher compared with test number 269. Both
deviations may be responsible for the breaking time which was
3 times the time of test 269.
The 20 seconds/cycle tests, however, have a slightly higher rate
of elongation or no difference to the creep tests and no syste-
matic behavior is indicated.
As a first approximation one can say that recovery has no effect
on the elongation history and that the elongation depends only
upon the loading history neglecting the times of rest.
7. SYMMARY, CONCLUSIONS, RECOMMENDATIONS
We have gained information about the stress-strain behavior and
the breaking strength of a nylon parachute cloth under different
static and dynamic loading conditions.
The stress-strain curve is non-linear and the nylon material not
elastics A linear law like Nookes law can not be applied for
these reasons, because of the second reason not even in a first
approximation. Not only the amount of load but also the load
history has to be considered.
The nylon cloth creeps under load and the stress relaxes when
a constant elongation is kept. A permanent elongation remains
after the load is removed (compare with figure 18 and see table 5).
It is getting higher after each loading as long as the maximum
elongation increases. The difference e
max
	
min- e 	 remains rather
constant during a cycling test with a constant 6
	
-
max	 min
setting. E
max	 min is dependent upon this stress limit setting
and upon the frequency. It decreases with increasing frequency.
The breaking strength decreases with decreasing loading rates
because of creep influence and it decreases generally with
increasing loading times because of the creep effect.
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When we consider the scattering in breaking elongation to be
due to inhomogeneity in the material and inaccuracy in the
specimen alignment we can conclude that breaking occurs when
a specific elongation is reached. For our nylon cloth this
value was approximately 20 %.
Since creep contributes to the elongation this influence or
generally time has to be considered in all stress-strain
measurements or calculations.
The results from the cycling loadings in the fatigue test can
not be considered to explain a fatigue characteristic of the
material, it is again a creep effect that causes the fracture.
The number of cycles per second has no si,,gnificant influence
on the breaking strength. That the breaking time increases
with the number of cycles per second may have other reasons
and can not be explained. It is guessed that kind of a harde-
ning effect in the material causes a flattening of the elon-
gation increase.
It has to be concluded from these results that the detection
of stress by the measuring of strain by means of strain gages
is impossible. A method might be found to measure strain, but
at a filling parachute with its very complex loading history
the calculation of stress from a measured strain history of
the nylon cloth will be impossible. A direct measurement of
stress should be attempted, but with any method it has to be
watched that the threads are not prevented from elongation
or the stress is concentrated or diluted at the point of
measurement.
One influence could not be investigated during these tests:
the influence of weaving, i. e. the interaction of fill and
wharp threads. It was observed during the tests that the
specimen constricts under load in the middle. At breaking
load this constriction amounted up to 10 j of the original
width.
17
.It can be concluded from this observation that an interaction
between fill and wharp threads exists, and it is assumed that
at cycling loading conditions the breaking; strength is affected.
The investigation of this problem of interaction would be another
step to a better understanding of the stress events in a filling
parachute canopy.
It can be presumed that other types of nylon cloth have a similar
characteristic behavior to the one that was investigated. They
should be tested however in the same manner to gain exact infor-
mation and the possibility for comparison, to verify the existing
results.
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5	 Specimen in maebirie after test
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time for linear load increase
	
7	 Original ramp test recordings
	
8	 Original ramp test recordings
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10	 Creep elongation at a 90 f constant load
	
11	 Creep elongation at a 85 % constant load
	
12	 Creep elongation at a 80 f constant load
	
13	 Comparison of creep elongations at different
constant loads
	
14	 Original creep test recordings
	
15	 Breaking time for sinusoidal wave loading,
influence of frequency
16A Breaking time for sinusoidal wave loading of
10 cps, influence of 9
16B Breaking time for sinusvidal wave loading of
10 cps, 9 = const.
	
17	 Original fatigue test recordings
	
18	 Original creep-recovery test recording
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RAMP LOAD ELONGATION TIME LOCATION SPECIMEN
SETTING OF BREAK NUMBER
(sec) [1.bs/120 Thr.] [sea]
Break EBreak tBreak bottom
350 41.4 21.1 365 20 130
42.8 21.7 367 40 131
41.3 19.4 326 80 137
42.2 22.6 343 40 138
50 43.6 17.1 41.0 70 200
45.0 19.1 40.2 10 226
46.2 21.0 46.8 70 227
46.6 21.1 50.0 35 228
46.2 20.2 49.5 75 229
48.3 22.6 51.2 80 230
48.3 21.8 51.8 50 231
47.4 21.2 50.8 60 232
47.1 21.8 50.6 20 245
45.6 20.4 47.0 50 112
47.2 22.6 41.7 50 132
43.6 17.5 50.0 0 111
45.5 20.4 45.8 0 113
46.8 20.9 47.1 100 114
39.7 16.5 40.4 100 115
47.7 22.4 49.2 100 120
25 42.0 16.5 30.9 60 224
45.7 17.3 18.1 80 225
43.3 17.9 37.6 50 135
43.4 19.0 35.6 80 136
43.8 20.6 36.7b 0 133
44.7 19.5 38.7 0 134
TABLE 1 RAMP TEST RESULTS
Contd.	 TABLE 1 RAMP TEST RESULTS
RAMP LOAD ELONGATION TIME LOCATION SPECIMEN
SETTING OF BREAK NUMBER
[sec] [1bs/120 Thr.] W [sec]
dBreak E Break tBreak % From
bottom
10 51.0 22.2 11.9 10 241
50.3 22.8 16.4 45 242
49.9 2.7 10.1 25 243
50.7 22.2 10.2 25 244
46.o 17.9 7.7 40 167
50.0 23.3 8.1 20 169
46.7 20.1 12.9 100 116
48.0 21.5 10.3 100 117
48.0 19.2 7.9 100 118
38.4 15.7 6.2 0 119
49.1 21.3 8.1 0 166
5 48.t 21.0 4.3 90 201
51.2 21.7 4.4 5 203
5 1 =4 21.8 4.4 50 204
51.1 21.0 4.2 5 233
48.0 20.8 4.0 60 139
48.3 21.6 4.1 30 140
42.9 16.6 3.4 40 144
51.2 20.9 6.o 0 202
48.6 20.2 3.9 100 141
49.6 21.6 4.3 0 142
49. 8 22.9 4.3 0 143
1 53.5 22.0 0.94 5 235
50.3 19.9 0.73 5 236
52.5 22.7 0.94 20 237
53.2 22.8 0„94 20 238
52.0 22.7 0.94 90 239
RAMP
SETTING
[sec]
LOAD
[1bs/120 Thr.]
d Break
ELONGATION
[]
E Break
TIME
[sec]
tBreak
Y
LOCATION
OF BREAK
bottom
SPECIMEN
NUMBER
50.5 21.6 0.91 15 170
50.0 20.1 0.85 15 172
50.9 22.5 0.93 5 163
49.5 21.3 0.86 100 164
51.2 20.4 0.92 100 165
49.8 21.1 0.84 0 171
•5 52.5 20.0 0.52 go 206
51.4 19.6	 (22.0) 0.46 25 208
52.3 18.8 0.47 95 211
51.2 22.4 0.52 80 145
49.0 19.4 0.45 80 147
45.0 16.7 0.34 50 151
49.6 20.4 0.48 50 152
52.1 20.1 0.48 0 205
50.1 17.5 0.45 100 207
49.9 17.8	 (18,8) 0.46 0 209
52.9 20.3 0.50 100 210
52.1 20.8 0.44 100 146
50.0 19.6 0.44 0 148
46.4 16.7 0.39 100 149
52.3 19.6 0.46 0 150
52.0 22.2 0.50 0 154
52.0 21.4 0.52 100 155
50.0 21.9 0.48 0 156
49.8 18.1 0.45 0 157
48.4 18.5 0.41 0 158
52.0 19.6 0.47 100 159
50.0 21.3 0.46 0 160
51.5 22.7 0.48 0 161
52.0 20.8 0.48 100 162
Contd. TABLE 1 RAMP TEST RESULTS
RAMP LOAD ELONGATION TIME LOCATION SPECIMEN
SETTING OF BREAK NUMBER
[sec] [1bs/120 Thr.] [] [sec]
0Break EBreak tBreak % frombottom
.1 53.0 20.7	 (21.9) 0.17 60 212
50.0 17.0	 (19.1) 0.13 5 214
53.1 19.4	 (21.4) 0.17 5 216
53.4 21.6 0.29 95 234
47.1 16.2 0.10 0 213
52.9 20.5 0.15 0 215
51.2 18.6	 (18.9) 0.13 100 217
Contd.	 TABLE 1	 RAMP TEST RESU'u" S
CREEP LOAD ELONGATION TIME LOCATION SPECIMEN REMARKS
SET-UP OF BREAK NUMBER
6 Break eBreak Co tBreak bottom
[;b of a Bo J [lbs/120
Thr . J
[sec]
95 44.5 22.8 16.7 33.5 30 264
44.4 20.5 16.9 32.6 70 265
44.3 22.0 16.5 31.5 5 266
44.1 19.9 16.4 3.7 95 267
44.5 23.0 16.6 1o.6 75 268
90 42.0 20.6 15.4 88.1 10 260
42.0 21.0 16.1 68.7 5 261
42.0 22.8 16.1 97.1 25 262
42.1 20.2 15.9 85.0 5 263
85 38.5 21.3 15.4 385 85 246
39.0 21.5 15.7 546 40 247
39.8 19.0 15.6 103 60 248
39.6 17.7 15.8 39.5 25 249
39.6 17.2 15.3 44.0 80 250
80 36.6 17.8 15.1 98.0 50 253
37.5 16.9 15.3 40.0 80 254
37.5 16.6 14.7 57.6 75 255
37.8 19.1 14.6 104 35 256
37.9 20.2 14.5 327 30 257
37.4 20.7 14.7 350 80 258
37.5 20.5 14.7 404 40 259
37.7 21.1 950 85 269
TABLE 2 CREEP TEST RESULTS
CREEP LOAD ELONGATION TIME LOCATION SPECIMEN REMARKS
SET-UP OF BREAK NUMBER
EBreak Eoa Break tBreak % frombottom
[% of aBo] [lbs/120 [sec]
Thr . ]
75 (20.0) 14.4 19,800 No 269 raised
35.3 17.5 116 50 100 to 80%
70 33.2 19.3 13.3 700 75 251 No Break(33.2) (16.8) 13.4 (7,906) No 252 after 132
32.6 17.5 10;000 70 101 minutes
Contd. TABLE 2 CREEP TEST RESULTS
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Fig. 2	 Test specimen
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Fig. 3	 Specimen jig
Fi,	 4	 Specimen in machine before test
Fib. 5	 Specimen in machine after test
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FIG. 7 ORIGINAL RAMP TEST RECORDINGS
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FIG, 8 ORIGINAL RAMP TEST RECORDINGS
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